Abstract. We study a novel resources allocation approach for femtocells according to the quantity of femtocells and available channels in cognitive heterogeneous network. Due to the co-channel manner in macrocells and femtocells, femtocell base station (FBS) is combined with cognitive radio to obtain available spectrum resources and protect macrocell users (MUEs) from interference of femtocells. Then, the proposed channel allocation approach improves the throughput of femtocells and mitigates the co-tier interference among femtocells. Numerical results verify the conclusions.
Introduction
Although the macrocell has a large coverage area, it provides poor communication quality for indoor users. Therefore, a promising approach, which embeds femtocells in the present cellular system, has emerged to improve the performance gain of the system.
But it is critical to seek for available spectrum resources and make the best of scarce resources for CFs in dense networks. In [1] , the CFs obtain the unoccupied sub-channel by estimating the energy of sub-channels in a group-wise manner and then allocate them with the lowest interference signature to FUEs. In [2] , the sub-channel allocation scheme for orthogonal frequency division multiplexing access (OFDMA) system in Long Term Evolution (LTE) downlink is applied by considering the contiguous resource blocks (RBs) when the available resources are more than FUEs. The contiguous RBs allocation in [3] is performed to increase the femtocell throughput, however, RBs are still remained at the end of the assignment process.
From the above statement, RBs are still remained on the condition that the quantity of available RBs is more than the number of FUEs. So a small portion of spectrum resources is wasted. Therefore, we propose a dynamic channel allocation approach which is employed according to the number of available channels and FUEs accessing the system at the beginning of different time slot. And there are no spectrum resources remained.
System Model
We consider a dynamic downlink of an OFDMA system comprising M hexagonally-shaped macrocells and N femtocells at a time slot. The cross-tier interference from femtocell3 to MUE1 and the co-tier interference from femtocell2 to FUE1 are illustrated in Fig. 1 . And a femtocell can serve only a FUE, which is randomly deployed in the coverage area with the radius of f R . The allocated transmitting power of the FBS k , the adjacent FBS j and the nearby macrocell base station (MBS) i on the subcarrier n are Moreover, for purpose of representing the overall performance preferably, we take the available transmission rate of the FUE k on the nth sub-channel as an example, it can be given by [4] 
Where, sc N is the number of sub-channels in the system?
Cognitive Interference Management Scheme
Due to the number variation of FUEs, the available channels are remaining or used up is unknown for the new FUEs at the next time slot. Therefore, the energy sensing scheme is introduced to obtain the available channel resources for femtocells by comparing the received signal power of a channel with an energy threshold and then deciding that the channel is available or occupied. Moreover, a detailed channel allocation procedure when the available channels are adequate for FUEs is applied to improve the capacity gain of the whole system. CR-based energy detection: We assume that there are x FUEs accessing the network at the beginning of the next time slot and x is less than the total number sc N of sub-channels. According to the theory of CR energy detection, the signal observed for the FBS is represented as: A sub-channel is supposed to be occupied by the nearby MUEs if the received signal energy R is more than a threshold l . Otherwise, the sub-channel is idle. And the idle sub-channels are gathered in the set A , A N represents the number of available sub-channels.
Sub-channel allocation for FUEs:
We introduce the sub-channel allocation approach when the number of available sub-channels is more than the number of FUEs. The detailed allocation procedure is represented as follows:
Initialize: A and '
A respectively represent the sets of available channels and allocated channels, Step 1: Calculate , 1, 2,... , 1, 2,...
Step 2: Find the maximal n k SINR for FUE k over the available sub-channel n .
Step 3: Allocate the sub-channel n to the FUE k and 1 n k a = .
Step 4: Find the maximal k SINR value between the adjacent sub-channel 1 n + and 1 n -for FUE k .
Step 5: For the sub-channel 1 + n or 1 − n with the higher SINR value, we calculate the current sum throughput k C , 1, 2,...
is allocated to each FUE temporarily.
Then we allocate channel 1 Step 6: If A = AE and F = AE , the remaining sub-channels are allocated to their left-hand or right-hand FUEs, depending on which FUEs have a higher C D value.
Simulation Results
In this section, we present simulation results obtained by using proposed schemes to illustrate system performance, as shown in Figure 2 to Figure 3 . System simulation parameters are presented in Table  I [5]. In the simulation, the l is set as 10 dB. The cumulative distribution function (CDF) of the FUEs' signal to interference plus noise power ratio (SINR) is illustrated in Fig. 2 , when the number of femtocells accessing the network at the beginning of next time slot is 20. Obviously, the proposed scheme achieves higher FUEs' SINR in contrast to the random sub-channel allocation scheme. This implies that the proposed scheme mitigates the co-tier interference efficiently.
Obviously, in Fig. 2 , the proposed scheme improves the SINR performance of FUEs. Moreover, the CR-based energy detection scheme is able to find out more available spectrum resources on the whole bandwidth. And the proposed sub-channel allocation scheme seeks for the sub-channel with the best gain for each FUE. Therefore, the spectrum efficiency of FUEs is improved as seen in Fig. 3 . Fig. 3 The femtocell spectral efficiency.
Summary
In this paper, we focus on the condition that the available sub-channels are adequate the new FUEs at a time slot. The optimal sub-channel allocation approach achieves system capacity performance enhancement. An accurate sub-channel sensing scheme guarantees that femtocells are capable to find out available spectrum resources. As a consequence, the proposed scheme efficiently enhance the throughput and mitigate the cross-tier and co-tier interference of the whole system.
